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of SUNY at Stony Brook, working with Dr. David Sayre,
started off by giving a brief history of Sayre’s work on
the phasing and structure determination of single par-
ticles that started in the 1980s. He then went on to dis-
cuss progress in structure determination of a single fro-
zen, hydrated yeast cell in the soft X-ray region at
beamline X1A of the NSLS. Details were presented on
sampling the continuous diffraction pattern at a spac-
ing finer than the Nyquist interval, which provides phas-
ing information via oversampling of the amplitude data.

This was followed by a talk of Dr. Jianwei (John)
Miao of SSRL, a former student of David Sayre, who
generated a great deal of excitement among the at-
tendees by setting a goalpost for future structural work
on single particles. He presented the results of recent
calculations on phasing a single protein molecule via
single-particle diffraction in the hard X-ray region from
an X-ray FEL, such as the Linac Coherent Light Source
proposed for development at Stanford. By making the
optimistic assumptions of having no damage as a re-
sult of using 10-fs pulses, and by statistically averag-
ing thousands of diffraction images of assumed known
protein orientations, he showed beautiful electron den-
sity calculated with such techniques. Although the con-
ditions of these assumptions may prove extremely chal-
lenging to realize in future practice, it is a refreshing
approach and represents an attractive beacon on the
horizon.

Dr. Ben Ocko of the Physics Dept. at BNL gave a
helpful tutorial on X-ray diffraction from 2-dimensional/
monolayer systems. Ben talked about reflectivity and
grazing-incidence methods, pointing out the difficulties
of obtaining atomic-resolution data with current X-ray
sources and methods. He cited examples from his own
work at the NSLS and from the literature on several
biological and non-biological systems.

Prof. Mark Chance of the Albert Einstein College
of Medicine added a unique contribution to the ses-
sion, describing his group’s work at the NSLS on RNA,
DNA, and protein footprinting, facilitated by X-ray radi-
olysis of water to provide hydroxyl radicals, combined
with rapid-mixing techniques. This creative combina-
tion of techniques provides a current time-resolved win-
dow in the 20-ms range. Mark cited a broad range of
experiments conducted by his group using such tech-
niques, including detailed work on RNA folding, pro-
tein-DNA interactions, and protein-protein interactions.
The application of future X-ray sources for extension
of such techniques, or for formulation of related but
tangential techniques, will be exciting to witness.

Finally, to conclude the day, Neali Armstrong, of
the laboratory of Prof. Eric Gouaux at Columbia Uni-
versity, presented an impressive range of structures of
the water-soluble, ligand-binding core of the glutamate
receptor, which functions in ligand-gated opening of
transmembrane ion channels. Structures of this con-
struct were determined with various ligands, as well as
in the apo form, at beamline X4A of the NSLS. Based
on the results of these structural and functional stud-
ies, a model was presented where agonists of increas-
ing strength were correlated with increasing domain
closure, thereby providing a partial mechanism for gat-
ing transmembrane channels. Also, crystal-packing in-
teractions suggested how subunit-subunit interactions
of the protein might influence allosteric modulation of
activity. These studies provide critical insight for ad-
vanced study of a range of diseases.

In summary, the day’s workshop generated stimu-
lating and congenial interactions among speakers and
attendees of a high level that is rarely found. It will be
exciting indeed to see what new scientific gems this
group of excellent scientists, and budding ones in at-
tendance, will uncover in the future.

Advanced Methods and Tricks of EXAFS Data Modeling
Workshop, May 23, 2001
Anatoly Frenkel (U. Illinois)

With the development of the ab initio theories and
data analysis techniques, the EXAFS method is evolv-
ing into a routine materials characterization method,
on a par with other well established structural tech-
niques. The goal of this workshop was to demonstrate
how to make the most use of the experimental EXAFS
signal via smart modeling and yet not to overinterpret
the data. In addition, many typical mistakes in the data
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analysis and some common examples of unphysical
interpretations of the data, which are often overlooked,
were discussed. The workshop attracted 77 partici-
pants, the largest audience of EXAFS workshops at
the NSLS to date, reflecting the growing interest among
physicists, materials scientists, chemists, biologists,
environmental scientists and engineers to be up to date
with modern techniques of EXAFS data modeling, be-
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IR Micro-Spectroscopy: A Molecular Probe with Micron
Resolution Workshop, May 23 and 24, 2001

yond the trivial first-shell analysis. All presentations may
be downloaded from the workshop web page: http://
pubweb.bnl.gov/people/frenkel/workshop.html.

In the first talk, “Avoiding Some Pitfalls in XAFS
Analysis,” Professor Edward A. Stern (University of
Washington) emphasized the importance of being able
to eliminate the false models and to assess correctly
the errors in the correct model. He discussed physical
conditions the correct model should satisfy such as limi-
tations on spatial resolution, positive sigma squared,
and minimum bond distances. The importance of in-
cluding systematic uncertainties in estimating the er-
rors in the final model was also emphasized.

Professor Alain Michalowicz (University of Paris XII)
gave a talk entitled: “2π-Shift and Ligand-Swapping
EXAFS Modeling Tricks in Applications to Catalysis and
Biology.” In his talk, he showed how EXAFS modeling
can lead to  systematic artifacts and erroneous near-
est neighbor distances. Some of the examples dis-
cussed the possibility of obtaining incorrect ∆E0 values
and associating with them false distances. He also dem-
onstrated the power of the ligand-swapping method al-
lowing the elegant structure refinement of the metallic
site of metalloenzymes which frequently contain
inequivalent axial and equatorial ligands

The next speaker, Dr. Stephen R. Wasserman
(MediChem Life Sciences), in his talk:  “Principal Com-
ponent Analysis: Getting an Edge on EXAFS,” supple-
mented the traditional EXAFS analyses approaches to
phase speciation problems through a global view of
speciation within the entire series of spectra.

For many inorganic crystal structures, the bond va-
lence model gives a simple and accurate prediction of
bond distances given cation and anion type, valence,
and coordination number. Dr. Matthew Newville (Uni-
versity of Chicago), in his talk: “The Use of Bond Va-
lence Sums in XAFS Analysis,” demonstrated that the
bond valence model can be used as a reality check on
the results of fitting XAFS data for a wide class of sys-
tems.

Professor James E. Penner-Hahn (University of
Michigan, Ann-Arbor) gave a talk entitled:  “X-ray Ab-

sorption Spectroscopy of Zinc Sites in Proteins. When
is a Tetrathiolate not a Tetrathiolate?” Jim demonstrated
how, by carefully controlling the number of variable pa-
rameters, to obtain an accurate determination of Zn
ligation in proteins, namely, to distinguish between the
cysteine ligands and the low-Z ligands (histidine, car-
boxylate, water). This problem has been previously
regarded as being extremely difficult to solve unam-
biguously, i.e., to distinguish between the sulfur/nitro-
gen ligations.

Dr. Bruce Ravel (Naval Research Laboratory), in
his talk:  “Robust Structural Modeling Using Multi-Edge
Refinements” discussed one of the most important tools
from the EXAFS bag of tricks, the multi-edge refine-
ment. Many materials have two or more edges acces-
sible to an EXAFS measurement. Bruce demonstrated
how the data, collected from all accessible edges and
refined simultaneously, yielded more and better results
than were available from the analysis of individual
edges.

Professor Ralph G. Nuzzo (University of Illinois, Ur-
bana-Champaign) highlighted modeling methods use-
ful for the EXAFS characterization of nanoscale mate-
rials, in his talk:  “Emergence of Materials Properties at
the Nanoscale.” Through the combination of the mul-
tiple-scattering analysis and constrained fits of mono-
metallic and bimetallic, supported nanoparticles, their
size, shape, crystal structure, surface orientation and
non-statistical distribution of atoms within the particles
were reliably established.

Dr. Daniel Haskel (Argonne National Laboratory)
discussed several analysis methods making use of the
polarized nature of synchrotron radiation in his talk:
“XAFS in Anisotropic Structures: Exploiting Angular
Dependence for Better Modeling.” He reviewed the ori-
gin of such angular dependence and discussed sample
requirements needed to observe it. His talk combined
practical examples with the elegant excurses to the
basics of EXAFS theory.
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Larry Carr and Lisa Miller (BNL/NSLS)

The NSLS has hosted infrared (IR) workshops
during the Annual Users’ Meeting for the past 4 years.
This year, the workshop focused on IR micro-spectros-

copy, featuring scientific results from a number of dis-
ciplines along with presentations on instrumentation


